The Naked Mole-Rat, Hetercephalus glaber, is a mouse-sized subterranean rodent 19 native to East Africa. Research on NMRs is intensifying in an effort to gain leverage 20 from their unusual physiology, long-life span and cancer resistance. to transform mouse and rat fibroblasts. We have developed a single lentiviral vector 27 to deliver both these oncogenes and generated multiple cell lines from five different 28 tissues and nine different NMRs, and report here that contrary to Tian et al. 's 29 observation, NMR cells are susceptible to oncogenic transformation by SV40LT and 30 HRAS. Our data thus point to a non-cell autonomous mechanism underlying the 31 remarkable cancer resistance of NMRs. Identifying these non-cell autonomous 32 mechanisms could have implications on our understanding of human cancer 33
The Naked Mole-Rat (NMR), Hetercephalus glaber, is a mouse-sized subterranean 36 rodent native to East Africa. Research on NMRs is intensifying in an effort to gain 37 leverage from their unusual physiology 1,2 , long-life span 3 and cancer resistance 2 . 38 NMR's acclamation as a cancer resistance species mainly derives from studies 39 describing a lack of spontaneous neoplasms in captive NMR colonies despite the 40 great number (>2000) of reported necropsies 4 . Although two recent studies 41 described a very small number of cases of spontaneous tumours in captive NMRs 5, 6 , 42 the NMR's cancer resistance is still remarkable relative to their size and life-span. 43
Few studies have attempted to explain the reasons behind NMRs cancer 44 resistance 7-9 and most prominently Tian et al. reported that NMR cells produce high-45 molecular weight hyaluronan as a potential cause for the NMR's cancer resistance 10 .
46
With the publication of the NMR genome 11, 12 and advances in the CRISPR/Cas9 47 gene editing technology 13 we set out to identify NMR genes responsible for their 48 cancer resistance. We based our approach on Tian et al.'s observation that NMR 49 cells are resistant to transformation by SV40 Large T Antigen (SV40LT) and 50
oncogenic HRAS (HRAS

G12V
), a combination of oncogenes sufficient to transform 51 mouse and rat fibroblasts 14, 15 . 52
53
We therefore, generated a number of lentiviral vectors which would allow us to 54 deliver sgRNAs along with SV40LT and/or HRAS G12V under the control of two 55 different promoters (PGK and EF1ɑ, Figure 1a) . As reported by Tian et al., we 56 expected that NMR cells transduced with any of our vectors would not grow in 57 anchorage-independent conditions unless a further gene was perturbed, thereby 58 providing us with a defined system for our studies. Using our lentiviral vectors, we 59 generated over 90 cells lines from 5 different tissues (intestine, kidney, pancreas, 60 shRNA vector used by Tian et 
G12V
. Our data thus suggest that the key 115 mechanisms behind NMR cancer resistance are non-cell autonomous and instead 116 might be explained by a unique microenvironment and/or immune system. It is 117 important that the field is aware of our findings so that efforts in understanding the 118 NMR's remarkable biology are channelled in the right direction. order to generate the PGK-SV40LT only vector, the T2A-SV40LT sequence was 227 PCR amplified using a primer pair carrying the SexAI and STOP-NotI restriction site. 228
The
Cell Culture 235
All NMR cells (both primary and immortalised) were cultured in NMR Cell Culture 236 Medium (as described above) in a humidified 32°C incubator with 5% CO 2 and 3% 237 O 2 (Binder CB160). Media was changed twice a week and upon confluency cells 238 were washed with PBS and detached using 1XTrypsin-PBS (Trypsin-EDTA (Sigma # 239
T4174-100ml). After detaching cells, trypsin was inactivated by addition of NMR Cell 240
Culture Medium and centrifuged at 450 g for 5 minutes to remove the trypsin 241 containing medium. The cell pellet was resuspended in NMR Culture Medium and 242 seeded on appropriate size flasks. HEK-293FT cells were cultured in DMEM high 243 glucose (Gibco # 11965092) supplemented with 10% fetal bovine serum (Gibco) and 244 were then incubated in a 37°C humidified 5% CO 2 incubator for 36 -48 hours. 266
Following the incubation, the lentiviral particle-containing medium was collected and 267 passed through a 0.45µm Mixed Cellulose Ester (MCE) filter (Millipore # 268 SLHA033SS) to remove any cellular debris. Three volumes of this cleared lentiviral 269 particle-containing medium was combined with one volume of Lenti-X Concentrator 270 (Clontech # 631232) and mixed gently before incubating overnight at 4°C. The Lenti-271 X Concentrator -lentiviral mixture was centrifuged at 1500 g for 45 minutes at 4°C. 272
The supernatant was discarded and the viral pellet was resuspended in a ratio of NMR cell lines generated using the lentiviral vectors (above) and their primary 289 counterparts were tested for anchorage-independent growth by seeding them in soft 290 agar. One day before the assay was performed, 0.7g and 1g of Difco Noble Agar (BD 291 Bioscience # 214220) was added to 100ml of deionised water to make 0.7% and 1% 292 agar suspensions. These were autoclaved in a benchtop autoclave (Classic Prestige 293 Medical) before storing at 4°C. The 1% agar was melted in a microwave and 294 incubated at 37°C. Melted 1% agar and Soft Agar Medium (2X MEM (Gibco # 295 11935046) supplemented with 15% fetal bovine serum (Gibco), non-essential amino 296 acid (Gibco # 11140050), 1mM sodium pyruvate (Gibco # 11360039) and 100units 297 ml -1 Penicillin, 100µg ml -1 Streptomycin (Gibco # 15140122)) were mixed in equal 298 volumes and 1.5ml of which was added into each well of a 6-well plate to make a 299 bottom layer of 0.5% agar. This layer was allowed to solidify at room temperature in 300 a cell culture hood for 2 hours. Once solidified, NMR cells were trypsinised, counted 301 and diluted in Soft Agar Medium. The cells were then mixed in a 1:1 ratio with 37°C, 302 0.7% agar making a single cell suspension of 4000 cells per ml. 1.5ml of the cell-303 agar suspension (or 6000 cells) was added on top of the solidified bottom layer 304 prepared earlier and allowed to solidify at room temperature for 2 hours before being 305 supplemented with 1ml of NMR media and incubated in a humidified 32°C incubator 306 with 5 % CO 2 and 3 % O 2 and 6 wells were seeded per condition per line. Cells were 307 incubated for 6 weeks to permit colony formation and the medium on top was 308 changed twice a week to replenish nutrients. To quantify the number of colonies 309 observed, 20 images per well were captured in a single focal plane using a 1.25x 310 objective on a EVOS FL2 (Thermo Scientific) thus, imaging the majority of the well. 
Genotyping PCR to confirm the cell lines identity
